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(57)Abstract 

PROBLEM TO BE SOLVED: To decrease the total film thickness 
and to improve the surface recording density by forming an 
antiferromagnetic layer of a specified alloy on a first multilayered 
film, then forming a second multilayered film thereon, and forming a 
conductive layer which gives a static current to the first and 
second multilayered films. 

SOLUTION: This spin valve film has such a structure that an 
antiferromagnetic layer 4 is formed on a single spin valve layer (c) 
and another single spin valve film (b) is deposited while using the 
layer 4 as a common layer. As for the antiferromagnetic material. 
PtMn (platinum-manganese) alloy is preferable, and instead of PtMn 
alloy. Pt-Mn-X (wherein X is one of Ni, Pd. Rh, Ru, Ir, Cr. Fe and 
Co) or PdMn alloy can be used. The change rate of resistance and 
reproducing output of the thin film element are significantly higher 
compared to a conventional single or dual spin valve type element, 
and therefore, a high surface recording density can be expected. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] In the spin bulb mold thin film which has the fixed magnetic layer by which magnetization is fixed in the 
fixed direction by exchange anisotropy association with an antiferromagnetism layer, and the free magnetic layer to 
which the direction of magnetization is changed by the leak field from a magnetic-recording medium The 1st 
multilayers by which the nonmagnetic conductive layer and the fixed magnetic layer continued, and the laminating 
was carried out on the free magnetic layer, It has the 2nd multilayers by which the nonmagnetic conductive layer 
and the free magnetic layer continued, and the laminating was carried out on the fixed magnetic layer. The spin bulb 
mold thin film which the laminating of said 2nd multilayers is carried out through the antiferromagnetism layer on 
said 1 st multilayers, and is characterized by preparing the conductive layer which gives the stationary current to 
said the 1 st multilayers and 2nd multilayers. 

[Claim 2] In the spin bulb mold thin film which has the fixed magnetic layer by which magnetization is fixed in the 
fixed direction by exchange anisotropy association with an antiferromagnetism layer, and the free magnetic layer to 
which the direction of magnetization is changed by the leak field from a magnetic-recording medium The 1 st 
multilayers by which the nonmagnetic conductive layer and the fixed magnetic layer continued, and the laminating 
was carried out on the free magnetic layer. The 2nd multilayers by which the nonmagnetic conductive layer and the 
free magnetic layer continued, and the laminating was carried out on the fixed magnetic layer. It has the 3rd 
multilayers to which a nonmagnetic conductive layer, free magnetic layer, and nonmagnetic conductive layer and a 
fixed magnetic layer consist of five layers by which the laminating was carried out on a fixed magnetic layer. The 
laminating of said 3rd multilayers is carried out through an antiferromagnetism layer on said 1st multilayers. The spin 
bulb mold thin film which the laminating of said 2nd magnetic layer is carried out through the antiferromagnetism 
layer on these 3rd multilayers, and is characterized by preparing the conductive layer which gives the stationary 
current to said the 1st multilayers, 2nd multilayers, and 3rd multilayers. 

[Claim 3] In the spin bulb mold thin film which has the fixed magnetic layer by which magnetization is fixed in the 
fixed direction by exchange anisotropy association with an antiferromagnetism layer, and the free magnetic layer to 
which the direction of magnetization is changed by the leak field from a magnetic-recording medium It has the 
multilayers to which a nonmagnetic conductive layer, free magnetic layer, and nonmagnetic conductive layer and a 
fixed magnetic layer consist of five layers by which the laminating was carried out on a fixed magnetic layer. Under 
the fixed magnetic layer which the laminating of said multilayers is carried out to two or more steps through an 
antiferromagnetism layer, and turns into the lowest layer of the multilayers of the bottom, The spin bulb mold thin 
film which the laminating of the antiferromagnetism layer is carried out to the fixed magnetic layer bottom used as 
the maximum upper layer of the multilayers of the maximum upper case, and is characterized by preparing the 
conductive layer which gives the stationary current to said each multilayers. 

[Claim 4] The spin bulb mold thin film according to claim 1 to 3 by which the bias layer which arranges the 
magnetization direction of a free magnetic layer in the magnetization direction of said fixed magnetic layer and the 
crossing direction is formed in the both-sides section of multilayers. 

[Claim 5] An antiferromagnetism layer is a spin bulb mold thin film according to claim 1 to 4 formed with a PtMn 
(platinum-manganese) alloy. 

[Claim 6] An antiferromagnetism layer is a spin bulb mold thin film according to claim 1 to 4 formed with a Pt-Mn-X 
(X is nickel. Pd, Rh, Ru, Ir # Cr, Fe, or Co) alloy. 

[Claim 7] An antiferromagnetism layer is a spin bulb mold thin film according to claim 1 to 4 formed with a PdMn 
(palladium-manganese) alloy. 



[Translation done.] 



http://www4 jpdl.ncipi.gojp/cgi-bin/tran^ 2006/1 1 /09 



JP.10-177706.A [DETAILED DESCRIPTION] 



1/8 s<—zs 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the spin bulb mold thin film which starts the spin bulb mold thin film 
from which electric resistance changes by the relation between the direction of magnetization of a fixed magnetic 
layer (pin magnetic layer), and the direction of the magnetization of a free magnetic layer influenced of an external 
magnetic field, improves the structure and the quality of the material of the spin bulb film, and raises detection 
sensitivity, and enabled it to correspond to denstfication record. 
[0002] 

[Description of the Prior Art] There are a spin bulb method, a multilayer (Multilayer) GMR method, etc. in the 
multilayer structure which demonstrates the huge magnetic-reluctance (GMRGiant magnetoresistive) effectiveness. 
Drawing 5 is the sectional view showing a multilayer GMR component The multilayer GMR component has from the 
bottom the structure where the laminating of the layer 9 and the nonmagnetic conductive layer 2 of a ferromagnetic 
ingredient was repeatedly carried out to many layers. In addition, a NiFe (nickel-iron) system alloy, a CoFe (cobalt- 
iron) system alloy, etc. are used for the layer 9 of said ferromagnetic ingredient, and, generally Cu (copper) is used 
for the nonmagnetic conductive layer 2. 

[0003] if the laminating of the layer 9 of a ferromagnetic ingredient is carried out up and down through the 
nonmagnetic conductive layer 2 and the thickness of said nonmagnetic conductive layer 2 is especially formed by 
about 10-20A — a RKKY interaction — the magnetization direction of the layer 9 of an up-and-down ferromagnetic 
ingredient — anti-parallel — a single domain — are-izing and it is arranged. With this multilayer GMR component, if 
the leak field from record media, such as a hard disk, is given, magnetization of the layer 9 of said ferromagnetic 
ingredient will leak, and it will change in the same direction as a field. Electric resistance changes with fluctuation of 
the magnetization direction of the layer 9 of said ferromagnetic ingredient, and the leak field from a magnetic- 
recording medium is detected by the electrical-potential-difference change based on this electric resistance value 
change. 

[0004] By the way, the resistance rate of change of this multilayer GMR component becomes about about 10 - 30% 
for external magnetic fields to be thousands Oe(s) from dozens Oe(s). Resistance rate of change becomes very 
large because there are very many locations from which electronic dispersion is started. Moreover, although a very 
large external magnetic field is needed in order to pull out this resistance rate of change, this is because the 
magnetization direction of the layer 9 of a ferromagnetic ingredient serves as anti-parallel by the RKKY interaction 
and it is fixed firmly. In addition, when surface recording density was calculated from this resistance rate of change, 
it turned out that the surface recording density correspondence to 100 (Gb/in2) extent is possible. However, when 
the comparatively weak external magnetic field of Number Oe is given, it is checked that the resistance rate of 
change of a multilayer GMR component becomes smaller than the resistance rate of change of a spin bulb mold thin 
film. 

[0005] Drawing 6 is the sectional view of a single spin bulb mold thin film. The spin bulb film which demonstrates 
giant magneto-resistance consists of the bottoms at four layers, the antiferromagnetism layer 4, the fixed magnetic 
layer (pin magnetic layer) 3, the nonmagnetic conductive layer 2, and the free magnetic layer 1 . Moreover, drawin g 7 
is the sectional view of a dual spin bulb mold thin film. Focusing on the free magnetic layer 1, for the upper and 
lower sides, the laminating of the nonmagnetic conductive layers 2 and 2, the fixed magnetic layers (pin magnetic 
layer) 3 and 3, and the antiferromagnetism layers 4 and 4 is carried out, and the spin bulb film in a dual spin bulb 
mold thin film is constituted. Moreover, as shown in drawing 6 and d rawi ng 7 , the hard bias layers 5 and 5 are 
formed in the both sides of the spin bulb film. In addition, signs 6 and 7 are the substrate layers and protective 
layers which were formed by non-magnetic materials, such as Ta (tantalum), and a sign 8 is a conductive layer. 
[0006] Said fixed magnetic layer 3 is formed in contact with said antiferromagnetism layer 4, said fixed magnetic 
layer 3 is singte-domain-ized in the direction of Y by the exchange anisotropy field by the switched connection in an 
interface with said antiferromagnetism layer 4, and the direction of magnetization is fixed in the direction of Y. Said 
exchange anisotropy field is produced in the interface of said antiferromagnetism layer 4 and said fixed magnetic 
layer 3 by heat-treating giving a field. Moreover, it is influenced of the hard bias layer 5 magnetized in the direction 
of X, and the magnetization direction of said free magnetic layer 1 is arranged in the direction of X. Generating of a 
Barkhausen noise can be prevented by single-domain-izing the free magnetic layer 1 in the predetermined direction 
by the hard bias layer 5. 

[0007] In addition, generally as the free magnetic layer 1 and a fixed magnetic layer 3, Cu (copper) film is used as 
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the same NiFe system alloy and same CoFe system alloy as the layer 9 of the ferromagnetic ingredient of a 
multilayer GMR component, and a nonmagnetic conductive layer 2. Moreover, as an antiferromagnetism ingredient 
which constitutes the antiferromagnetism layer 4, although the FeMn (iron-manganese) alloy film is common, said 
FeMn alloy film has the property in which switched connection cannot fully demonstrate in an interface with the 
fixed magnetic layer 3, if membranes are formed under the fixed magnetic layer 3. therefore — the dual spin bulb 
mold thin film from which the antiferromagnetism layers 4 and 4 serve as structure formed by the both sides of the 
fixed magnetic layer 3 and 3 top and the bottom — the antiferromagnetism layers 4 and 4 — the fixed magnetic 
layers 3 and 3 — receiving — the upper and lower sides — whichever it is formed in, it is necessary to use the 
antiferromagnetism ingredient which can acquire an exchange anisotropy field in the former, it was supposed that a 
NiMn (nickel-manganese) alloy was usable as such an antiferromagnetism ingredient 

[0008] In these spin bulb mold thin film, if the leak field from record media, such as a hard disk, is given in the 
direction of Y, magnetization of the free magnetic layer 1 will change from X towards the direction of Y. If the 
magnetization direction of said free magnetic layer 1 changes, when the electron which is going to move to the layer 
of another side from layer of one of the two between the free magnetic layer 1 and the fixed magnetic layer 3 
causes dispersion by the interface of the nonmagnetic conductive layer 2 and the free magnetic layer 1 , or the 
interface of the nonmagnetic conductive layer 2 and the fixed magnetic layer 3, electric resistance will change and 
the leak field from a magnetic-recording medium will be detected by the electrical-potential-difference change 
based on change of this electric resistance. When the include angle of the direction of magnetization of the free 
magnetic layer 1 and the direction of magnetization of the fixed magnetic layer 3 becomes the largest (i.e., when it 
becomes anti-parallel), said electric resistance value shows maximum, and as for said electric resistance value, the 
minimum value is shown when the direction of magnetization of said free magnetic layer 1 and the direction of 
magnetization of the fixed magnetic layer 3 become the same. When the leak field from a record medium is given, as 
resistance rate of change {(the maximum electrical-potential-difference value-minimum electrical-potential- 
difference value) the /minimum electrical-potential-difference value] becomes large, the detection output of the thin 
film magnetic head becomes larger. 

[0009] Moreover, as, as for said detection output said stationary current becomes large also depending on the 
magnitude of the stationary current (sense current), said detection output becomes larger. However, if the current 
density which flows the free magnetic layer 1, the nonmagnetic conductive layer 2, and the fixed magnetic layer 3 is 
too large, a problem will arise in a fall, dependability, endurance of a detection output by the Joule's heat etc.. and 
the property of a spin bulb mold thin film will fall. It is supposed that it is 3x107 (A/cm2) the upper limit of the 
stationary current which can keep good the property of a spin bulb mold thin film. In addition, the upper limit of the 
stationary current can be raised by increasing the total of the layer of the spin bulb film. 

[0010] In a single spin bulb mold thin film, the locations from which the interface of the nonmagnetic conductive 
layer 2 and the free magnetic layer 1 and the interface of the nonmagnetic conductive layer 2 and the fixed 
magnetic layer 3 start one a **** and electronic dispersion at a time, respectively total two. The locations from 
which the interlace of the nonmagnetic conductive layer 2 and the free magnetic layer 1 and the interface of the 
nonmagnetic conductive layer 2 and the fixed magnetic layer 3, on the other hand, start two ****s and electronic 
dispersion at a time, respectively by the dual spin bulb mold thin film as shown in drawing 5 total four. For this 
reason, compared with a single spin bulb mold thin film, resistance rate of change becomes [ the direction of a dual 
spin bulb mold thin film ] large. If the external magnetic field of Number Oe (oersted) is given, the resistance rate of 
change of said single spin bulb mold thin film magnetic head becomes about 3 - 9%, and it is checked that the 
resistance rate of change of said dual spin bulb mold thin film magnetic head becomes about 5 - 13%. Moreover, if 
surface recording density is calculated from said resistance rate of change, in a single spin bulb mold, the surface 
recording density correspondence to ten (Gb/in2) extent is possible, and the surface recording density 
correspondence to 20 (Gb/in2) extent is possible in a dual spin bulb mold. 
[0011] 

[Problem(s) to be Solved by the Invention] In order to correspond to densification record, it is important to raise 
surface recording density. It is required to make a playback output high, in order to raise said surface recording 
density, and in order to make said playback output high, it is required to make high the resistance rate of change 
which has said playback output and a proportional relation. If in the case of the multilayer GMR component shown in 
drawing 5 the external magnetic field of thousands Oe(s) is given as mentioned above, resistance rate of change will 
be made to about 30% in a peak price, but if an external magnetic field is very small, the resistance rate of change of 
a multilayer GMR component will become smaller than the resistance rate of change of a spin bulb mold thin film. 
[0012] Furthermore, in the case of a multilayer GMR component, a hard bias layer cannot be prepared like a spin 
bulb mold thin film, and generating of a Barkhausen noise cannot be reduced. This is because electric resistance 
does not change but it becomes impossible to detect the leak field of a record medium, even if the magnetization 
direction of the layers of all the ferromagnetic ingredient will be arranged in the magnetization direction of said hard 
bias layer, therefore it will give an external magnetic field to a multilayer GMR component if a hard bias layer is 
prepared. 

[0013] Next in the conventional spin bulb mold thin film, as mentioned above, in the dual spin bulb mold ( drawing 
7 ), resistance rate of change becomes high from a single spin bulb mold ( drawing 6 ). The location of this where 
electronic dispersion takes place is because a single spin bulb mold 2-double-exists in a dual spin bulb mold. 
However, the resistance rate of change of a dual spin bulb mold does not become twice the resistance rate of 
change of a single spin bulb mold until. 
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[0014] As shown in drawing 7 , the location where electronic distraction takes place in a dual spin bulb mold exists 
the four sum totals of the interface (B) of the free magnetic layer 1 and the nonmagnetic conductive layer 2 and an 
interface (C), the interface (A) of the fixed magnetic layer 3 and the nonmagnetic conductive layer 2, and an 
interface (D). On the other hand, as shown in drawin g 6 , the location where electronic dispersion takes place in a 
single spin bulb mold is only two places, an interface (A) and an interface (B). However, it is thought that electronic 
dispersion which takes place by the interface (B) of a dual spin bulb mold is weaker than electronic dispersion which 
takes place by the interface (B) of a single spin bulb mold. In the case of a dual spin bulb mold, this is because said 
free magnetic layer 1 of one layer has caused electronic distraction on the both sides of an interface (B) and an 
interface (CX Therefore, although the resistance rate of change of a dual spin bulb mold becomes larger than the 
resistance rate of change of a single spin bulb mold, it does not result by twice. 

[0015] moreover, it is shown in drawing 7 — as — a dual spin bulb mold — as the antiferromagnetism layer 4 — the 
upper and lower sides of said antiferromagnetism layer 4 — whichever the laminating of the fixed magnetic layer 3 is 
carried out, it is desirable to use the antiferromagnetism ingredient which can generate an exchange anisotropy field. 
A NiMn alloy can be illustrated as such an antiferromagnetism ingredient. However, there are the following troubles 
in this conventional spin bulb mold thin film. If the NiMn system alloy film is used as an antiferromagnetism layer 4, 
in order to demonstrate effective switched connection between said NiMn system alloy film and the FeNi system 
alloy film (fixed magnetic layer 3), heat-treatment (annealing) at the comparatively high temperature of 250 degrees 
C or more is needed. 

[001 6] However, if hot heat treatment of 250 degrees C or more is performed, it will set to the interface of the free 
magnetic layer 1 and the fixed magnetic layer 3 which are formed by the NiFe alloy film, and the nonmagnetic 
conductive layer 2 currently formed by Cu. Diffusion of a metallic element occurs, the magneto-resistive effect by 
the electronic diffusion by the interface of the free magnetic layer 1 and the nonmagnetic conductive layer 2 and 
the interface of the fixed magnetic layer 3 and the nonmagnetic conductive layer 2 is affected, and there is a 
problem to which the resistance rate of change to an external magnetic field falls. Moreover, in order to correspond 
to densification record, it is also important to make the magnetic gap length Gl small at the same time it raises 
surface recording density, but if an antiferromagnetism layer is formed by the NiMn system alloy film, and thickness 
of said antiferromagnetism layer is not made into about hundreds of A, a good exchange anisotropy field cannot be 
acquired. Therefore, it cannot avoid that thickness dimension h' of the multilayers shown in drawing 5 becomes 
large, and the magnetic gap length Gl cannot be made small. Incidentally, the thickness of the free magnetic layer 1 , 
the nonmagnetic conductive layer 2, and the fixed magnetic layer 3 is about 10A of numbers, respectively. 
[0017] The multilayer GMR component and the conventional single spin bulb mold thin film of the former {this 
invention ], Solve the trouble of a dual spin bulb mold thin film, and resistance rate of change sufficient also by the 
small external magnetic field is obtained compared with a multilayer GMR component It aims at offering the spin 
bulb mold thin film which is high sensitivity and can obtain a high detection output to a small external magnetic field 
as can obtain still bigger resistance rate of change than a single spin bulb mold thin film and a dual spin bulb mold 
thin film. 

[0018] Moreover, by this invention's being for solving the above-mentioned conventional technical problem, and 
forming an antiferromagnetism layer with a PtMn (platinum-manganese) alloy etc. It can be made to make low heat 
treatment temperature for demonstrating the switched connection by the antiferromagnetism layer, and even if it 
moreover makes thickness of an antiferromagnetism layer small, it aims at offering the spin bulb mold thin film in 
which the formation of a small gap is possible, as an effective exchange anisotropy field can be acquired. 
[001 9] 

[Means for Solving the Problem] In the spin bulb mold thin film which has the fixed magnetic layer by which the 1st 
this invention is fixed in the direction where magnetization is fixed by exchange anisotropy association with an 
antiferromagnetism layer, and the free magnetic layer to which the direction of magnetization is changed by the leak 
field from a magnetic-recording medium The 1 st multilayers by which the nonmagnetic conductive layer and the 
fixed magnetic layer continued, and the laminating was carried out on the free magnetic layer, It has the 2nd 
multilayers by which the nonmagnetic conductive layer and the free magnetic layer continued, and the laminating 
was carried out on the fixed magnetic layer. The laminating of said 2nd multilayers is carried out through the 
antiferromagnetism layer on said 1st multilayers, and it is characterized by preparing the conductive layer which 
gives the stationary current to said the 1 st multilayers and 2nd multilayers. 

[0020] Said 1 st invention is shown in drawin g ± . This spin bulb mold thin film has the structure where shared the 
antiferromagnetism layer and the laminating of spin bulb film (b) of a single mold was carried out on the spin bulb 
film (Ha) of a single mold. For this reason, the resistance rate of change of this spin bulb mold thin film becomes 
higher than the resistance rate of change (3 - 9%) of a single spin bulb mold thin film ( drawin g 6 ), and becomes 
higher than the resistance rate of change (5 - 13%) of a dual spin bulb mold thin film ( drawing 7 ). Moreover, since 
the upper limit of the stationary current can be raised, a magnetic detection output higher than a single spin bulb 
mold thin film and a dual spin bulb mold thin film is expectable. 

[0021] In the spin bulb mold thin film which has the fixed magnetic layer by which the 2nd this invention is fixed in 
the direction where magnetization is fixed by exchange anisotropy association with an antiferromagnetism layer, and 
the free magnetic layer to which the direction of magnetization is changed by the leak field from a magnetic- 
recording medium The 1st multilayers by which the nonmagnetic conductive layer and the fixed magnetic layer 
continued, and the laminating was carried out on the free magnetic layer. The 2nd multilayers by which the 
nonmagnetic conductive layer and the free magnetic layer continued, and the laminating was carried out on the fixed 
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magnetic layer, It has the 3rd multilayers to which a nonmagnetic conductive layer, free magnetic layer, and 
nonmagnetic conductive layer and a fixed magnetic layer consist of five layers by which the laminating was carried 
out on a fixed magnetic layer. The laminating of said 3rd multilayers is carried out through an antiferromagnetism 
layer on said 1 st multilayers. The laminating of said 2nd magnetic layer is carried out through the a ntiferro magnetism 
layer on these 3rd multilayers, and it is characterized by preparing the conductive layer which gives the stationary 
current to said the 1 st multilayers, 2nd multilayers, and 3rd multilayers. 

[0022] Said 2nd invention is shown in drawing 2 . This spin bulb film has the structure where shared the 
antiferromagnetism layer on the spin bulb film (Ha) of a single mold, and the laminating of spin bulb film (b) of a dual 
mold was carried out and shared the antiferromagnetism layer and the laminating of spin bulb film (b) of a single 
mold was further carried out on said spin bulb film (b). Therefore, the resistance rate of change of this spin bulb 
mold thin film becomes higher than the spin bulb component of a dual mold. Moreover, the playback output of this 
spin bulb mold thin film can expect more than about about 3 times or it of the playback output of a single spin bulb 
mold thin film that resistance rate of change becomes high and by raising the upper limit of the stationary current. 
[0023] In the spin bulb mold thin film which has the fixed magnetic layer by which the 3rd this invention is fixed in 
the direction where magnetization is fixed by exchange anisotropy association with an antiferromagnetism layer, and 
the free magnetic layer to which the direction of magnetization is changed by the leak field from a magnetic- 
recording medium It has the multilayers (the 3rd multilayers) to which a nonmagnetic conductive layer, free magnetic 
layer, and nonmagnetic conductive layer and a fixed magnetic layer consist of five layers by which the laminating 
was carried out on a fixed magnetic layer. Under the fixed magnetic layer which the laminating of said multilayers is 
carried out to two or more steps through an antiferromagnetism layer, and turns into the lowest layer of the 
multilayers of the bottom. The laminating of the antiferromagnetism layer is carried out to the fixed magnetic layer 
bottom used as the maximum upper layer of the multilayers of the maximum upper case, and it is characterized by 
preparing the conductive layer which gives the stationary current to said each multilayers. 
[0024] The 3rd above-mentioned invention is shown in drawin g 3 . This is the configuration where the 
antiferromagnetism layer was shared for spin bulb film (b) of a dual mold between two or more step pile and each 
dual type of spin bulb film. The resistance rate of change of this spin bulb mold thin film becomes higher than the 
resistance rate of change of the conventional dual mold spin bulb thin film, and since the playback output of this 
spin bulb mold thin film can raise the upper limit of the stationary current, it can expect the more than twice of the 
playback output of a dual mold spin bulb thin film that resistance rate of change becomes high. 
[0025] In the 1st thru/or the 3rd invention, all moreover, by exchange anisotropy association with an 
antiferromagnetism layer Since it is that from which magnetization of a fixed magnetic layer is fixed, the direction of 
magnetization of a free magnetic layer changes with the external magnetic fields like the leak field from a magnetic- 
recording medium, and resistance rate of change is obtained, the conventional single spin bulb mold and a dual spin 
bulb mold — the same — several — resistance change is caused by the field of Oe — it can make — several 10- if 
the external magnetic field of thousands Oe(s) is not given, it is practical from the multilayer GMR component which 
cannot obtain resistance change. 

[0026] In addition, in the spin bulb mold thin film of this invention mentioned above, it is desirable to form in the 
both-sides section of the multilayers of the spin bulb film the bias layer which arranges the magnetization direction 
of a free magnetic layer in the direction which intersects said fixed magnetic layer. Generating of a Barkhausen 
noise can be controlled by a hard bias layer being formed. The thin film which the bias layer was prepared [ thin 
film ] and reduced the Barkhausen noise can be used for the magnetic head which detects the leak field from 
magnetic-recording media, such as a hard disk. Moreover, in this invention, what does not surely need to prepare a 
bias layer and does not have a bias layer can be used as a good rnagnetornetric sensor etc. without caring about the 
effect of a Barkhausen noise. 

[0027] Moreover, although being formed with a PtMn (platinum-manganese) alloy is desirable as for an 
antiferromagnetism layer, it may replace with said PtMn alloy and you may form with a Pt-Mn-X (correcting, X is 
nickel, Pd, Rh, Ru, Ir, Cr, Fe, or Co) alloy or a PdMn alloy. 

[0028] If the alloy film or PdMn alloy film of a PtMn system is used as said antiferromagnetism layer, exchange 
anisotropy association can be performed on both sides when membranes are formed in the time of a fixed magnetic 
layer being formed on an antiferromagnetism layer, and the bottom, and the magnetization of a fixed magnetic layer 
in which an antiferromagnetism layer is located up and down can be fixed. Furthermore, the heat treatment 
temperature after membrane formation can acquire at least 230 degrees C or less of sufficient exchange anisotropy 
fields. Therefore, in said heat treatment, diffusion by the interface of a nonmagnetic conductive layer, and a fixed 
magnetic layer and a free magnetic layer can be prevented, and high resistance rate of change can be obtained to 
an external magnetic field. 

[0029] Moreover, as for the antiferromagnetism layer formed with said ingredient, it is checked that It can acquire 
the exchange anisotropy field of 300Oe (oersted) extent with about 100A even if thickness is very small. Therefore, 
it is possible to thin-shape-ize the spin bulb film of multilayer structure. 

[0030] Moreover, the PtMn alloy film is excellent in corrosion resistance compared with the FeMn alloy film or the 
NiMn alloy film, and also in various kinds of solvents and cleaning agents in the production process of a spin bulb 
mold thin film, corrosion did not advance at all but it is chemically stable [ corrosion ] also in actuation of the thin 
film magnetic head under a harsh environment. 

[0031] Furthermore, even if it is very stable thermally, blocking temperature is high at about 380 degrees C and the 
temperature at the time of actuation of the thin film magnetic head is therefore high, the exchange anisotropy field 
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acquired when the PtMn alloy film and a fixed magnetic layer touched can generate the stable exchange anisotropy 
field, and reading precision is stabilized. 

[0032] In this invention, thickness of an a ntiferro magnet ism layer can be made smaller than before by using the 
PtMn alloy film for the antiferromagnetism ingredient in an antiferromagnetism layer Therefore, even if it increases 
the total of the layer of the spin bulb film, the comprehensive thickness of said spin bulb film does not become 
extremely large, and narrow- ization of the magnetic gap length Gl can be realized. 
[0033] 

[Embodiment of the Invention] Drawin g t is the sectional view showing the structure of the spin bulb mold thin film 
of this invention. This thin film is prepared in the trailing side edge section of the slider formed in a hard disk drive 
unit etc., the migration direction of magnetic-recording media, such as a hard disk, is a Z direction, and the direction 
of the leak field from a magnetic-recording medium is the direction of Y. The substrate layer 6 formed by non- 
magnetic materials, such as Ta (tantalum), is formed in the bottom of drawing 1 . On this substrate layer 6, the 
laminating of the spin bulb film which consists of seven layers is carried out. In addition, a sign 7 is the protective 
layer formed by Ta. 

[0034] Said spin bulb film The laminating of the nonmagnetic conductive layer 2 formed by the free magnetic layer 1 
formed with the NiFe (nickel-iron) system alloy, Cu (copper), etc., the fixed magnetic layer 3 formed with the NiFe 
system alloy, and the antiferromagnetism layer 4 formed with the PtMn (platinum-manganese) alloy is continuously 
carried out from the bottom. On it The laminating of the fixed magnetic layer 3, the nonmagnetic conductive layer 2, 
and the free magnetic layer 1 is carried out continuously, and they are constituted. In the above, on the free 
magnetic layer 1 , the nonmagnetic conductive layer 2 and the fixed magnetic layer 3 continue, and a laminating is 
carried out Three layers The 1st multilayers (a), The 2nd multilayers (b), then said spin bulb film have the structure 
where shared the antiferromagnetism layer 4 and the laminating of the 2nd multilayers (b) was carried out on the 1 st 
multilayers (a) in three layers by which the nonmagnetic conductive layer 2 and the free magnetic layer 1 continued, 
and the laminating was carried out on the fixed magnetic layer 3. 

[0035] moreover, when the actual thin film magnetic head is constituted The lower gap layer (not shown) of a non- 
magnetic material is formed on the lower shielding layer (not shown) of the magnetic material of high permeability. 
Each class shown in drawing 1 is formed on this lower gap layer, and an up shielding layer (not shown) is further 
formed on it with the up gap layer (not shown) and the magnetic material of high permeability of a non-magnetic 
material. And the magnetic gap length Ql is determined by spacing of said lower shielding layer and said up shielding 
layer, after the laminating of said antiferromagnetism layer 4 and fixed magnetic layer 3 is carried out, an exchange 
anisotropy field obtains by the interface of said both layers by heat-treating in a field in the direction of Y (annealing 
treatment) — having — the direction of magnetization of said fixed magnetic layer — the direction of y — a single 
domain — it is-izing and fixed. In addition, said fixed magnetic layer 3 may be formed with Co (cobalt), a Fe-Co 
(iron-cobalt) alloy, and a Fe-Co-nickel (iron-cobalt-nickel) alloy. 

[0036] After membranes are formed by the spatter and the multilayers from the substrate layer 6 to a protective 
layer 7 are etched into a predetermined cross-section configuration, the hard bias layer 5 which gives the vertical 
bias field of the direction of X to said free magnetic layer 1 is formed. Said hard bias layer 5 is magnetized in the 
direction of X, and magnetization of the free magnetic layer 1 is arranged in the direction of X by the field given 
from this hard bias layer 5. Generating of a Barkhausen noise can be reduced by forming this hard bias layer 5. 
Moreover, the conductive layers 8 and 8 formed of W (tungsten), Cu (copper), etc. on the hard bias layers 5 and 5 
are formed 

[0037] Thus, in the formed spin bulb mold thin film, if the stationary current (sense current) is given to the free 
magnetic layer 1 , the nonmagnetic conductive layer 2, and the fixed magnetic layer 3 from a conductive layer 8 and 
a field is moreover given in the direction of Y from a record medium, the direction of magnetization of the free 
magnetic layer 1 will change from X towards the direction of Y. At this time, a lifting and electric resistance change 
[ the electron which is going to move to another side ] dispersion from layer of one of the two among the free 
magnetic layer 1 and the fixed magnetic layer 3 by the interface of the nonmagnetic conductive layer 2 and the free 
magnetic layer 1 , or the interface of the nonmagnetic conductive layer 2 and the fixed magnetic layer 3. Therefore, 
the stationary current can change and a detection output can be obtained. 

[0038] As mentioned above, the spin bulb film in drawin g 1 consists of seven layers, and this is the same as the 
total of the layer of the spin bulb film in the dual spin bulb mold thin film shown in drawing 5 . However, the 
comprehensive thickness hi of the spin bulb film of seven layers shown in drawing 1 is smaller than comprehensive 
thickness h' of the spin bulb film of seven layers of drawing 5 . This is because only one layer is formed by drawing 1 
to two-layer formation of the large antiferromagnetism layer 4 of thickness being carried out in drawing 5 compared 
with the thickness of the free magnetic layer 1 , the nonmagnetic conductive layer 2, and the fixed magnetic layer 3. 
When the comprehensive thickness hi becomes small, narrow-ization of the magnetic gap length Gl is realizable. 
[0039] Moreover, since the spin bulb film of drawing 1 has the structure where shared the antiferromagnetism layer 
4 and the laminating of spin bulb film (b) of another single mold was carried out on the spin bulb film (Ha) of a single 
mold, The resistance rate of change and playback output of a spin bulb mold thin film of drawin g 1 It becomes larger 
enough than the resistance rate of change (3 - 9%) and playback output of a single spin bulb mold thin film, and the 
bigger resistance rate of change than the resistance rate of change (5-1 3%) and playback output of the dual spin 
bulb mold thin film further shown in drawing 5 can be expected. 

[0040] By the spin bulb film in drawing 1 , two layers of free magnetic layers 1 are formed, and each free magnetic 
layer 1 forms the nonmagnetic conductive layer 2, an interface (B), and (C). On the other hand, by the spin bulb film 
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of draw ing 5 . the free magnetic layer 1 forms the nonmagnetic conductive layer 2, an interface (B), and (C) by one 
layer, and the free magnetic layer 1 of one layer is participating in both electronic dispersion in an interface (B) and 
(C). For this reason, it can predict that electronic dispersion which takes place by the interface (B) of drawing 1 and 
(C) is strong compared with electronic dispersion which takes place by the interface (B) of drawing 5 , and (C), 
therefore the resistance rate of change of the spin bulb mold thin film in drawing 1 becomes large compared with 
the resistance rate of change of the dual spin bulb mold thin film of drawing 5 . Moreover, when surface recording 
density was calculated from the upper limit of resistance rate of change and the stationary current, it turned out 
that the surface recording density of the spin bulb mold thin film in drawin g 1 can expect more than 20 (Gb/in2). 
[0041] Drawing 2 is the front view showing the structure of the spin bulb film by the 2nd operation gestalt of this 
invention. In addition, drawing 2 shows the spin bulb film after membrane formation, as drawing 1 explained, said spin 
bulb film is etched into a predetermined configuration next, and the hard bias layer 5 and a conductive layer 8 are 
formed. Moreover, in drawing 2 , the substrate film (sign 6 of drawing 1 ) and a protective coat (sign 7 of drawing 1 ) 
are also omitted. The spin bulb film shown in drawing 2 consists of 1 3 layers. The 2nd multilayers (b) are prepared 
for the 1 st multilayers (a) explained to the lower part by drawing 1 in the upper part. Moreover, the 3rd multilayers 
(c) of 5 layer structures to which the laminating of the fixed magnetic layer 3, the nonmagnetic conductive layer 2, 
the free magnetic layer 1 , the nonmagnetic conductive layer 2, and the fixed magnetic layer 3 was carried out from 
the bottom are prepared. And the laminating of the 3rd multilayers (c) is carried out through the a ntiferro magnetism 
layer 4 on the 1 st multilayers (a), and the laminating of the 2nd multilayers (b) is further carried out through the 
antiferromagnetism layer 4 on it 

[0042] The fixed magnetic layer 3 of each multilayers (a), (b), and (c) is surely formed in contact with the top face or 
inferior surface of tongue of the antiferromagnetism layer 4, and magnetization of said fixed magnetic layer 3 is 
single-domain-ized in the direction of Y by the exchange anisotropy field generated in an interface with said 
antiferromagnetism layer 4. Moreover, magnetization of the free magnetic layer 1 is arranged by the bias field of the 
hard bias layer 5 in the direction of X which intersects the magnetization direction of said fixed magnetic layer 3. 
The PtMn alloy film is used for the antiferromagnetism ingredient which constitutes the antiferromagnetism layer 4. 
By using the PtMn alloy film as an antiferromagnetism layer 4. the heat treatment temperature after membrane 
formation can acquire at least 230 degrees C or less of sufficient exchange anisotropy fields, and becomes possible 
[ acquiring the exchange anisotropy field of 300Oe (oersted) extent as for about 100A ] about the thickness of said 
antiferromagnetism layer 4. Since thickness of the antiferromagnetism layer 4 is made to about 100A, the 
comprehensive thickness h2 of the spin bulb film does not become extremely large. In addition, also as for the 
antiferromagnetism layer 4 shown in drawin g 1 , being formed by the PtMn alloy film is desirable, and it can also 
make small thickness hi shown in drawin g 1 by using this antiferromagnetism ingredient 

[0043] The spin bulb film of drawing 2 has the structure where shared the antiferromagnetism layer 4 on the spin 
bulb film (Ha) of a single mold, and the laminating of spin bulb film (b) of a dual mold was carried out, and shared the 
antiferromagnetism layer 4 and the laminating of spin bulb film (b) of a single mold was further carried out on said 
spin bulb film (b). That is, there is a total of eight locations where, as for the interface of the free magnetic layer 1 
and the nonmagnetic conductive layer 2 and the interface of the fixed magnetic layer 3 and the nonmagnetic 
conductive layer 2, those with four place and electronic dispersion take place, respectively. 

[0044] For this reason, the resistance rate of change and playback output of a spin bulb mold thin film in drawing 2 
can expect about about 2 times of about about 4 times of the resistance rate of change of the conventional single 
spin bulb mold thin film, and a playback output, the resistance rate of change of the conventional dual spin bulb mold 
thin film, and a playback output Moreover, when possible surface recording density was calculated from the upper 
limit of resistance rate of change and the stationary current it turned out that the surface recording density of the 
spin bulb mold thin film which used the spin bulb film in drawing 2 can expect 50 (Gb/in2) extent by the peak price. 
[0045] Drawing 3 is the front view showing the structure of the spin bulb film by the 3rd operation gestalt of this 
invention. In addition, drawing 3 shows the spin bulb film after membrane formation, as drawing 1 explained, said spin 
bulb film is etched into a predetermined configuration next and the hard bias layer 5 and a conductive layer 8 are 
formed. Moreover, in drawin g 3 , the substrate film 6 and a protective coat 7 are also omitted. The 3rd multilayers 
(c) of 5 layer structures which explained the spin bulb film shown in drawin g 3 in drawing 2 are prepared in two or 
more steps. The antiferromagnetism layer 4 is pinched between each multilayers (c), the antiferromagnetism layer 4 
is formed in the up-and-down top face and up-and-down inferior surface of tongue of the fixed magnetic layer 3 of 
multilayers, respectively, and, on the whole, said antiferromagnetism layer 4 has the structure where the laminating 
of the multilayers (c) was carried out continuously 3 times, 4 times. 

[0046] The antiferromagnetism layer 4 is formed with the PtMn alloy, and the thickness of said antiferromagnetism 
layer 4 has become about 100A. For this reason, the comprehensive thickness h3 of the spin bulb film is not 
extremely large. Moreover, said spin bulb film shares the antiferromagnetism layer 4 to the spin bulb film (b) up of a 
dual mold, the laminating of spin bulb film (b) of a dual mold is carried out it shares the antiferromagnetism layer 4 
on said spin bulb film (b) further, and the laminating of spin bulb film (b) of a dual mold is carried out That is, it has 
structure to which the laminating of spin bulb film (b) of three dual molds was carried out continuously. 
[0047] Therefore, there is a total of 12 locations where, as for the interface of the free magnetic layer 1 and the 
nonmagnetic conductive layer 2 and the interface of the fixed magnetic layer 3 and the nonmagnetic conductive 
layer 2, those with six place and electronic dispersion take place, respectively. For this reason, the resistance rate 
of change and playback output of a spin bulb mold thin film in drawing 3 are quite higher than the resistance rate of 
change and playback output of the conventional single spin bulb mold thin film and a dual spin bulb mold thin film. 
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Moreover, if the resistance rate of change of the spin bulb mold thin film shown in drawing 3 is spin bulb film shown 
in drawing 3 to the external magnetic field of thousands Oe extent having been required for in order to pull out high 
resistance rate of change in the case of a multilayer GMR component although it becomes lower than the resistance 
rate of change of a multilayer GMR component, it can pull out comparatively high resistance rate of change by the 
very small external magnetic field. 

[0048] The reason for the ability to obtain high resistance rate of change by the very small external magnetic field is 
because magnetization of the free magnetic layer 1 is not being fixed firmly, therefore, the direction of magnetization 
of a small external magnetic field of the free magnetic layer 1 is changed, an electric resistance value changes by 
the relation between fluctuation of the magnetization in this free magnetic layer 1 , and the fixed magnetization 
direction of the fixed magnetic layer 3, and the leak field from a magnetic-recording medium is detected by the 
electrical-potential-difference change based on this electric resistance value. Moreover, in the case of the 
multilayer GMR component, it was impossible to have prepared a hard bias layer, but said hard bias layer can be 
prepared in the spin bulb film shown in drawing 3 , and generating of a Barkhausen noise can be reduced. Moreover, 
in this invention, in order to raise resistance rate of change and a playback output further, it is possible to carry out 
the laminating of some layers spin bulb film (b) of a dual mold further on the spin bulb film shown in drawing 3 . 
[0049] However, there is a upper limit in the comprehensive thickness h3 of said spin bulb film, and it is determined 
by spacing between the lower shielding layers (not shown) and up shielding (not shown) which were decided 
beforehand. Then, if the laminating of spin bulb film (b) of a dual mold is further carried out to the spin bulb film 
shown in drawing 3 to the upper limit of spacing of lower shielding and up shielding, it is possible to heighten further 
the resistance rate of change and playback output of said spin bulb film. In addition, if possible surface recording 
density is calculated from the upper limit of resistance rate of change and the stationary current, the surface 
recording density of the spin bulb mold thin film which used the spin bulb film in drawing 3 turns into 50 (Gb/in2) to 
100 (Gb/in2) extent, and can expect surface recording density comparable as a multilayer GMR component . 
[0050] 

[Example] The example about the switched connection of the antiferromagnetism ingredient which forms the 

antifetromagnetism layer 4 in below, and the ferromagnetic ingredient which forms the fixed magnetic layer 3 is 

explained. They are DC magnetron sputtering and RF conventional spatter (it formed on (Silicon Si) / alumina 

(aluminum 203) substrate.) about the multilayers of the structure indicated below first. They are five kinds of 

multilayers by which the PtMn film with which a presentation ratio becomes Pt50 atom % (at%) and Mn50 atom % 

(at%) is used for an antiferromagnetism layer, membranes are formed in order of Ta/Co(30A)/PtMn(X) / Ta from 

under **, and the thickness X of PtMn is constituted from 100 and 150,200,300,500 (angstrom). 

** They are five kinds of multilayers by which membranes are formed from the bottom in order of Ta/PtMn(X) / Co 

(30A) / Ta, and the thickness X of PtMn is constituted from 100 and 150,200,300,500 (angstrom). 

[0051] Next, they are five kinds of multilayers by which a presentation ratio uses the NiMn film used as nickelSO 

atom % (at%) and Mn50 atom % (at%) for an antiferromagnetism layer, under ** are consisted of in order of Ta/Co 

(30A)/NiMn(X) / Ta, and the thickness X of NiMn is constituted from 100, 150, 200, 300, 500, and (angstrom). 

** They are five kinds of multilayers by which membranes are formed from the bottom in order of Ta/NiMn(X) / Co 

(30A) / Ta, and the thickness X of NiMn is constituted from 100, 150, 200, 300, 500, and (angstrom). 

[0052] In said multilayers, in order to obtain the switched connection between an antiferromagnetism ingredient and 

Co film of a ferromagnetic ingredient, heat treatment was performed at the temperature of 230 degrees C for 4 

hours. VSM with a vacuum heating device performed measurement of an exchange anisotropy field (HeX). In 

addition, each resistivity of the PtMn film used as an antiferromagnetism layer and the NiMn film was 200 (muomega 

and cm) extent. 

[0053] Dr awin g 4 is a graph which shows the relation between the thickness of the PtMn film and the NiMn film, and 
an exchange anisotropy field (HeX). As shown in drawing, when the thickness of the PtMn film becomes large, it 
turns out that an exchange anisotropy field (HeX) also becomes large. Moreover, compared with the case where the 
direction at the time of forming the PtMn film in the bottom of Co film forms the PtMn film on Co film, the exchange 
anisotropy field is a little large. Moreover, even if the thickness of the PtMn film was about 100A, it was checked 
that about 300 Oe(s) (oersted) and a comparatively large exchange anisotropy field can be acquired. 
[0054] On the other hand, even if it enlarges thickness in the case of the NiMn film, it is still very small and, as for 
an exchange anisotropy field (HeX), it turns out with the heat treatment temperature of 230 degrees C that the 
NiMn film cannot be used. If heat treatment temperature is 250 degrees C or more when the NiMn film is used, it is 
checked that the same behavior as the curve of the PtMn film shown in drawing 4 is shown. However, if it becomes 
250 degrees C or more, since the problem that a metallic element is spread in an interface with the nonmagnetic 
conductive layer 2, the fixed magnetic layer 3, and the free magnetic layer 1 will arise, it is required to make heat 
treatment temperature into about 230 degrees C. 

[0055] Moreover, in this experiment, although Co film was used for the fixed magnetic layer 3, even if it replaces 
with Co film and uses the NiFe film, the same result as this experiment can be obtained. If the PtMn film is used as 
an antiferromagnetism layer by the above, even the heat treatment temperature of about 230 degrees C can acquire 
an exchange anisotropy field, and it is possible to acquire the exchange anisotropy field of about 300 Oe(s) 
especially for thickness as for about 1 00A. 
[0056] 

[Effect of the Invention] According to this invention explained in full detail above, by being formed with the PdMn 
alloy in which an antiferromagnetism layer has a PtMn alloy, or this and a property of the same kind, or a Pt-Mn-X 
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(X being nickel, Pd, Rh t Ru, Ir, Cr, Fe, or Co) alloy, it is comparatively low heat treatment temperature, and even if it 
moreover makes thickness small comparatively, an effective exchange anisotropy field can be acquired. 
[0057] If the PtMn film is used for an antiferromagnetism layer even if it makes [ more ] the total of the layer of the 
spin bulb film which improves the structure of the conventional single spin bulb mold thin film, a dual spin bulb mold 
thin film, and a multilayer mold GMR component, and demonstrates a huge magnetic effect than before, 
comprehensive thickness of said spin bulb film can be made small, therefore narrow-ization of the magnetic gap 
length Ql can be realized. 

[0058] Moreover, if the total of the layer of the spin bulb film is increased and the location where electronic 
dispersion takes place is increased, resistance rate of change and a playback output can be enlarged, therefore 
surface recording density can be raised. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view of the spin bulb mold thin film by the 1 st gestalt of this invention, 
[Drawin g 2] The front view of the spin bulb film by the 2nd gestalt of this invention. 
[Drawing 3] The front view of the spin bulb film by the 3rd gestalt of this invention, 

[Drawing 4] The graph which shows the relation between the thickness of the PtMn film or the thickness of the 

NiMn film, and an exchange anisotropy field, 

[Drawing 5] The sectional view of a multilayer GMR component, 

[ Drawin g 6] The sectional view of a single spin bulb mold thin film, 

[Drawing 7] The sectional view of a dual spin bulb mold thin film, 

[Description of Notations] 

1 Free Magnetic Layer 

2 Nonmagnetic Conductive Layer 

3 Fixed Magnetic Layer 

4 Antiferromagnetism Layer 

5 Hard Bias Layer 

6 Substrate Layer 

7 Protective Layer 

8 Conductive Layer 

hi, h2, h3 (spin bulb film) Comprehensive thickness 



[Translation done.] 
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[0003] #m.&mw% 2 lx tTizmm&tt® 
<r>®9i>m®zix. ®\zmtz#m&mwm 2 omm^ 1 

0-2 0^>-^X hn-ivg£-CjfM£;h,5.!:, RKK 
®9<0^t:*|fi)0^fil!ilcJ;ijm^ffi6ii4*>^bL, r<o^; 

[0004] tr^f, rov^fwtGMR^ro 

«fit^{k^J4, ^g|5{K#*5Sc+0 e fl><b&=f O e XfcS 

<k^l 0~3 0%saf|c/i5<, 

5. ZtzznfetfimkmZZlZtiii-tzMzftftizizZi,* 

mtH IS) # R K K Y ffl llfpffl JC^OR^mt^OSSJC 
Eta^S^rtf^ Lt^fc t r. 5» 10 0 (Cb/in ) 

+G MR WSSi^t^li, ^ 

[0005] 06 Xi.i/-s*fiv* t'y<ju7$iWfl&M z F<o 
^Ktt, Tfrb5i®mV!i®4, ®fe&&® (IfVltt 



(3) 

3 

m 3, #m.&m®m2%.vyy-m.imi<D4m-?ffl 

£*VC^-5. ft*5, ft^6, 7ttTa (^^/P) ftif 

»#JK14|t^-C^^^fcTlt!J^*JJ;0'«3S®-C% 10 

loooe] «fri2@^(Ki4f} 3 imt&R®mvm 4 km 
LxB&zti. wffl.®femmi 3 {*, AfjE£&Ba&g4 

ig-t-^ k \z a *> ftf&R%im\m 4 k mm@feBm® 3 k 

^- K/<-f rx/g 5 0>fl$v&fit*M£7 y -BStfyg i <© 

<fc 9 7 y -B£<4Ji l *S0f^ifiilcmtSE^* tL5 r t fc 

[0007] 7 y -bhsjs i ts £umfe&vm 3 

tRCNiFe o F e f&HB&WA 

2tLTIiCu m) ^S-^lwfflVMbitSo s 
fSBS**® 4 .SK&BHfcfcm LT » FeMn 

n^Kji, ®?£®.vm3 0)T\c&mztiz>k. mizm 30 
«jb 3 k<Dftmzi$^x#&f&&tf+ft\cmmxz ft^ 
t^attitfctfL-o**. z<otc#>, s.mm\m4, 4 

aiS£BH4Jg 3 . 3 0±i:T^*lwfigK[*tb5fl?iti: 

4, 4nmfem&m3, 3\cn^x±.rk'hb\m^ 

tlX t r i: *-C# SKBUtttttfft 

B-e*>s * £avt^fc. 

[0008] r tib* ^^^/^mn^M'f-x^ /n- 40 

h*7* * * * ft if (ommmm* <=> ©isuxrajw* y #i6j 

^ftit-c»ki-5. iftE? y -fl&tt/g 1 eitfcinaiats 

k . 7!J -OttJB 1 1 B&BttJB 3 i: (OlBI-efr* 

mtyy -m&® 1 1 *>#b> *fci±*«i±^mia 
2 1 ®wmm 3 i »iiiiB-c»a*^i-^ t ic «t 9 

-mm 1 ©«fl:<D*|6j t B&BEttJB 3 0>«flW>#|*J i: 50 
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ujcftofcirti^ ittmmft.&Vimn&'pm&m-ro e 
mmm><ov>®.itf&w&*§-z.bnizk$\c s t&mmt® 

feftfif&SB£, MBM^y K<D&fflffl7jtt*:# < ft 

[0009] sine«ittia*i±^flr®«t (-trv^m 
ft^tiif. fiftaai^mtti^ri^:^ < fts„ fe«u ^y- 

14. 3X10' (A/ cm) -Cfc-StStlTV^. ft 

ib\ xv>'<*7'm<D®v>&$i&® J ?i-zklc£t) x ^ 
HWBIE© ±IRtt«r±lf 5 w k >js-e# 5. 

[0010] s/y^^ifv/^yaOTBIHP-ett* * 

6*tti®®Jg 2 1 7 D -mm 1 0*B*s J:tJ9WHti»fl| 
® 2 1 ®fem&® 3 col^ffiiiJ, *ivP4i 1 ffifrfr>*> 

HMtttt*MiJB 2 1 7 y -{K^ 1 W#B*5j:tJ:^iKttig 
2 1 BKBttJB 3 w#Btt, **v-ett2®^rfofc 
9, m^»aSrtai-^0ftt^-tf4®^ft*$,5. r<Dfc 

tf ^/Vuya^ISig^lctt^-caESi^ft^jJ^* < ft 
So ISO e (^/u*^ y K) 

ag{t*tt 3 ~ 9 %um k ft 9 , saiEx » 
7®mmm%.^ y K©asa*fls*r4 5 - 1 3 %ss t ft 

ZZktfm$&£frX\<^ WIE«tn:^b**>f>B 
K^S&«%W^ k „ tT V/WSt 

10 (Gb/in ) SflE±-COBE»ffi«»JC3il^rfi6 
•C*>"9, 7 f a.T/l'^brv/<^®t?tt, 2 0 (Gb/i 

n ) s«*-c»Bffi»#*#fca«-ftrc*>s. 

[0 0 1 1 ] 

i&wtmfcLXok-rzim) m&mtmmzttfc-r 

BK»*it«rrt±**»wi:^aB-e*>*. MT 
gHB!e&£&£|6]±£-B:Si;:iot, S4m^4riii<-f 5r 

EW±B* tJt«©B«K«>*]aMWk*4rK< -r* r 
k 1fi&¥iX'bZ. @5lC^i-r/Uf-H' J VGMR5l?^-<0 

Jfi**fl:*S:ftKflrei&3 0%lc-e#S3»«, ^6WB 



(4) 
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[0 0 12] £P>lC, •v/l/^W^GMRjR^-W^, 

* fcf WA&gMKMW J: 5 lo- K'<^ r *Ji£12: 

■r%i&m&<o®.tmmmmx'Zte< 4st*?>-efc«. 

[0 0 13] ^^j)$o^tv/</uysS5fiig5g^*5^ 
TJi, ±J£Lfc£5K-»'^Xfc B >/</uys (136) 10 
i!)fa7/wt , /'A/i,ys (gi 7) <o*A«tefit^b* 

[0 0 14] @7|C7p-f <fc v'aT/U^tf^^P^' 
#68±WS 2 t <D#ffi (B) tiiUM (C) „ @£ 

w£jb 3 1 mwmw& 2 1 <d#b (a) *s ± aw 20 

(D) <D£tM©#f#ft-t-£ 0 Zlixtc*)- LEI 6 iCTjk-fi. 

(A) fc#ffi (B) <D2ffiffi<D?f.X$> 
5 Q LA>U xa.T/UXtr^/u^Scofl.ffi (B) T-g 
-•SH^fftatt, ^V^/P* If :/g)<D#E (B) 
X&ZZW, I F1fo$L£t)m<ti:iX\,^bnz.hti?>. Z 

tin. *f=LT>\s*\f>'<'ti'Zf%L<nm^, iffi<r>M%&yy 

1 tfftm (b) £#e (o (7>s*-cm^m 

[0 0 15] @7lC^-t-J;9|C'r3.T/^ev/< 

±t if *> h \zmjzmm 3 s*vt t ««n*tta 

V*. Z<0 J; 5 ftKMflMftttttfc UNiMn 

it. &.T<omm&&hz>. R&mm®4 1 lxn i Mn 

$#&R&fllVt£& % flffffiN iMn^^gt^F eN i 

(B£8itt/g3) tOfKlT'W^^^$r|g 40 
ffif^-tirSfci&icW;, 2 5 0 < CW±(O«:g5«lifii^?aSt?<O 

[0016] bz*>i'^ 250 'CJW±wfl5ia(Oigi«ia5: 
fittit. N i F e £&B$-c?ff$fifc£ii-CV>6 7 'J 

® 1 £ ss&tt/i 3 <t , cu-c^fijc^nr^-s^^ 

-mm i i: t&&*m®m 2 ^jra* j; a?, m-mmm 
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ffife&£-!££ft±£*5i|ip*U:^:¥^rftG 

^#Sr#-5ri:*5t?t^v\ Lt*!ot, IB 5 fcijrf* 
^co/P^^fifeh' &XZ<ti:Z>Zb%m-fZZk&X- 
*i\ B£&** y^gG l ^/h$<i"5r 

t^ir, 7y-«sa4/gi, #Ktt^^2tJ<to: 

mimvm 3 ©Bwi±-t*t^n*+*>^^ k n - as 

[0 0 17] *5SWJi^JtecD-r/U^W-1rGMR^*5 

^fimamt^nh^i.o^x, /hs^A-awm 

[0 0 18] £tz*%Wte±.%Z1£*<D$mZM8:i-Zti 
tb<r>t><DX$>*)* SS8lf4^«rPtMn (fi^-^V^ 

[0 0 19] 

[3U@SrH?^i-5fc«)^gi:] ^lO*5IWli. S3*<1 
0 m\k<r>lifaifi'gmirz> 7 V -Bt\m t Sr*rf 5 ^ tf v 

[0020] fifjgEfB 1 ©»WHt, 13 1 {C^-T tW-Cfc 

« s •»^xify/^7fijt!ll^ (06) (Dfefct^ 
ffcJfs (3~9%) «t«3 fciSS</j:»), ifefiT/i'Xfc'y 

y^/pySj^BJlK^ (E 7 ) <D«tt^b* (5-13%) 

<fc 9 tK< ft*. *fc)£Jirtf«wiJRttfc±if 3i£fl« 
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lo o 2 1 1 m2<o&&m*. K%m®mt<r>im$ i -)j 
mimimm®. y y -f&&m*mwtLxmmztitz io 

[0 0 2 21 mR%2<D&WI*. m2lZ7frrt,<DXfo 
(n) «g£ixfcf8igi&o-C^.5 0 iot. 

v?>\<* \?>s<fry'mmwm : i-<n>ft£.\&j)<nm 3^m& 

fc5v>li*iT4JU:£#l#-et 5» 30 

[0 0 2 3] $&3©#3&WMt, K9MB&JB t <0£&J|# 
EH" 5 7 y -BSteJg k ew^uT^iSlgSiff * 

®m<n>®L±mkft%wMmmv>±Mk\z.&mmmft 40 

®tWrtbtxX^5Zk*VfWLk-rZi3<OXtb%o 
[0 0 2 4] ±fE^3<05l^|±ia3lC^-rt>ror'fo5o 
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[0 0 2 5] ^l*V^L^3 0%WC{i, V>-ftt 

^yp^f ^vvi^a^T^T/uxtfwvt^Sfcl^BU: 
n t © t? t 4 v a^- w G M R <t 9 t> Hffltt^ 

[0026] <C43, Ji^ \?>'</ls7MW 

[0 0 2 7] S^lK1±^«iP tMn 

n^lCftx-T, P t-Mn-X (fcfc'U X<i, N 
i, Pd, Rh, Ru. lr, Cr, Fe, Cotfnvf 

4x*») *>5lMiPdMn^-C^UTt«t^o 
[0 0 2 8] flffaSR&SStt/g £ LTP tMnlffl^M 

*fc»iPdMn^^Srffiffli--5i:> 

Si!£a5 2 3 0 < CJWT-Ct+^5Sife^tttK»«r#5 

^m^ts mfemmM}yy-wmb<DR®x<r)& 

[0 0 2 9] fiflia*f^-C^UfcR^B«4®li, 
t>, 3 0 0Oe (i/Mfy K) 

[0030lSt, PtMn^K[li, FeMn^&IK 
[0 0 3 1] £e>»C, PtMn^tBSBttllti'' 



9 

[003 2J *%Wt?tt, 53iHKtt@lwjoJt-5S3itatt 
WsflC P t M n ^9g*ffiffli-5 C £ \z «t •) , K&fgtSi 

mmtmmc±z<t£zz}:tft£<. k^+^/sg io 

[0 0 3 3] 

[56W<03l)SS<D^<i] 12 l li, *^^<o^ i~</n/ffi 
t>TKJf£fifc£;ft,T^.5<DiiTa (^^/p) ftifroHMK 

tttf&T'JfM&ftfcTJl&Jg6T?fc5 0 w<OTitJl6± 20 
[0034] huI2X tV^/U^BSli, Tfrb N i F e 

y-jr/u-flo £*tfc 7 y -fit&jg i , 

Cu m) tek'X'mj&ZiXtzimim®ffi2. NiFe 
%&&XMf&£tlit®fem&® 3 , XtfPtMn (6& 
— ^&T?^/££ftfcK&tB^4;i*&igeL-C 

^7 y-cgttJB i fimwiLxmmznxffif$.£tixi<^ 
%.Tfffiizmvkm 3 LTSiJi £ ft 3 ®zmi<»£® 

m (a) , @^i4®3Jblw#«tt»gmfl2fi.V7y- 

(b) t-rn^ mm* ewvo^mt, 

(a) .klC, K&Mg4£&*TL-C&2 0)#/ll& 

(b) ^fl3^$tt?tfi?3gi:fto-C^-5 0 

[0 0 3 5] gffiOWRttft'N y S*t* 

*s-frvm (H*L<ev>) ^jRAsns. *uc, me 

T*S/-/U" KJg t *WE±»^- >v KJg t (OWJSaic i "9 fig 
Sfittt® 3 £ £UXJ| Sftfc&tt:* Y*ifei^66#«pT?J»ia 
•C**»*ttfilt#*»e,*i % MfeB£BH4/g<DS£ffc<o;fr 
fi8H4Jg3£rCo (a/<;u , Fe— Co (fife— =j^/U 50 
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h) Fe— Co— Ni (fife— a/^U h— -y* 

>\>) &&VMl1tLXii£V\ 
[00 3 6] Tifc®6*>b«3S®7£T*<D#ag$MSX^ 

5 A>ib^.;L <bit5fift#ici 9 y y -fiH£/i i wfigfbJSx 

, cu m) t£H\zx*)M^nitm 

[0 0 3 7] r(D«t9irUT^$*tfc^tfw</u^§( 

i«Uf ^FT'li, &®Jg 8^7!) -fiStt® 1 . *fitttjS 

mm 2 Rxfm&BMk® 3 \c&$;iti.fiL (±^^ , gm) 

7'J -S3tf4fg 1 rofiKbO*|6)^X*(6j*>P, Y#[6)~. 

rsjitT^ft-f^. cwi:^. 7 y ~m\m 1 1 @^£2tt 
t>K #mvmism 2 b y y 1 i:<o#tB, */u± 

mmt)*'&z>zttfx'£z 0 

[0 0 3 8] fl!I^LfcJ;9lw, El|C*5lt5Xtf^/VP 

<n¥£%Ltmcx-foz> a uA»L.iaiic^-t-7®oxew< 

oU^mmh' i"p fc/]>s</iot^5„ rttii. 7y 

-fittt® 1 , IHKi4»®Jg 2 H£fiSa4Jg 3 «I0 tc 
Jt^TI&J90*#^K&f2tt/g4ai, @5T?J±2®^ 

^fcfe-C*>5, t&£ffil¥h ltf/jt 3 < - tic J; *) s 

[0039] S fc. El 1 ©X f V^^^BSttv fyj'A' 
W<Dxe*s<*7m (^) ±lcg^fiStt@4«rftWLT 
^ 5 1 oo^v^io^e^WR (n) ^5fil@$ 

ymm^mf-<ni&m.mtm o~9%) Rvn^mti^ 

^/^^sslf ffil^^ ofifitSt'ft^ ( 5 ~ 1 3 %) «t 0 1> 

[0040] mi uitstts* f w<^^-cji % 7 y — 

flft&g 1 2 f>H-C*s <9 . *ti^tt»7 y -figft 
® l^*S£ft«?f8Jg2t*iS (B) (C) ^fiKU-CV^ 

&®i&iffix'im&mm®2i:ftm (b) (o 

f«LT*5»). \®<»yV-%mm\i)>%-& (B) (C) 
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l<D#fi (B) (C) VmZZm*Wl%L\t, @5(0#E 
(B) (C) T?fir51® : F-fficaiCJt'<-C^<*o-Ci3 

tt 2 0 (Gb/in ) W±^»#T?# 5lt 7J5fcA> 
ofc. 10 
10 0 4 1] 02tiU *^M<0M2O^jSg^flg(Cj;5^ 

-5. *fcH2l*tt, TUSUS (Hl©«F*6) fc.fctffttS 

m (®i<on%7) bG&Lx^z. @2{r^-r^t°^ 

/<A^Rttl 3JBtM»*S*vCV*5. TSBICttia 1 t?tt 
W LfcSS 1 <D#^I8S (a) iSBICifS 2 cD#/gJg& 

(b) #ttlt&4vcv*&. TA»e>0£B&£yg3, 20 

!£«tt®3*S8WBSivfc5JBfllig<D^3«>#JSIK (c) 

a*Rlt&*i/Cv*a. •tLt, S6i«>#®R (a) «±{C 

S&ffifiyg4£:frLTfS3<D#®& (c) 

(b) #&JB&;ivO'*. 

[0 0 4 2] ##JgR (a) (b) (c) a>H£flfl£JB 
3tt, *-fKaWBfflB4 0±Bf*fcttTiSK*LT»jai 

fcsjvo**. 7 y hb&b 1 oaiEflstt/N- K/< 

Jg 4 «r«MW-SKRI*tt«*Mctt. PtMn £-&Rri5<£ 
fflc<ft£. 4tLTP tMn -o , &R£r{liffl"t' 

5 i 1 ic j; •? , fm&<om&mm&& 2 3 0 •csutt? t 

fBttJgU <£>RJ9£ 1 0 0*>^ h n -i» Affile LT 

3 0 0Oe (:t/UXxyK) g&tf>£&&;frtt:fl£# 
Sr»*£t3J«mSi:<i;S. K&JKttJg 4 <Z>RJ9£ 1 0 0 40 

1 l=*-fK»flHt)i4 *>P tMn^^K-CJgfi!c$n5w 
0 1 KijVf BSfith 1 fc/hS < T-# 5. 

[00431 @ 2 <d^ ev/<^^itt, <»^o^ 

tr^/</U^BI ±^55fiKtt®4^*'frLT7 f ^T 
*fi«>x t^'U'Tlt (W) tfRJBdtu S&fcRE* 

*Sox ifv/^^K (n) !jsjBBB**i»fc«iSifto-c so 
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b, s.t5@^jK^ 3 1 fflmmwn 2 £ oftmtzH 

[0 0 4 4] £<Ofcfc02IC:j3tt£;*fc^Vl</3l$R 

(Gb/in ) e^-g:»j^'e#5£tj*5^ofc 0 

[0 0 4 51 031*, *%W<om3(r>mmBm\c£Z>x 

So M 3 ic^-t-x tr v/^^Ktt, 0 2lc*>v>TaftWL 
fc5B«a©JB3©#JBK (c) «s«»»lc|S»t 6*tT 
V^5. **i«W>#*fS (c) W»CH:R5i«ttli4A^ 
i:T<0#©^<D@)£fi3i{4^3<O±ffit5j;0JT®Jc 
l**ft«iR»WM4a«»j*3ix, ^fr-eii, flUgSS 
?Satt®4*S4lHl > (c) *5 3 [oiigi^LTffi®$ 

[0 0 4 61 R»«tt®4H:P tMn&ft-CJgj&SlvC 
*5 9 . aflffiS^JK^ 4 WWII 1 0 0 *\s*f* hn- 

i»¥h3ttffiMfc:fc£<&o-cv*&v\ *fc, ll^^^^xe , 

w^^Bttt, ra7;Hw^ e^/V^Sg (^) ±|c 

[0 0 4 7] .toT7y-<H4®li#JSttWm!g2i: 

<o#E, Rt5@^«^ 3 1 im&MWM 2 & co#Eii 

^n^n6®im*>«?, m-wiiufi&z zmmtt&ft 1 2 
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[0048] #®lc:'h£v^^&II^^JSffi£ffc*£ 

^WKttflWE/N— K'<<< T*/g Sr&tf 5 £ t , 

10 0 4 9] fc£U flftiextrV/</t'7'R©|g£Mh 

KJH (H^L&V") t±M^—^h' (H^Lft^) i© 

Kt<OP^PB©±Pfilfi*'C, 0 3 ICtjH-* tf>v< 
/I'^RtS&lCT'a.TVi'l!©*^ V/</u^Bi K) £|g 

'tA^SM^^aBasAttftttSO (Gb/in) A>P> 
100 (Gb/in) attfc&Q, "7^fKtGMRi 

[0050] 30 

lcob*-C©$lfc0!l«r3!l9i1-5. i-ftiTJwga®i-5«Jit 
©#JgR£r DC hnyx^'yWRFay^o 
>3^-/UXy< S '^tc«t5 (V!la^ (S i) /T/l'5-^ 

(AhO.) «*±fc»j*Lfc. 

tfc#P t 5 0^% (a t%) v Mn5 0if% (a t 
%) t<t5PtMng^fflU 

(DTHTa/Co (3 0*V^ho-A) /PtM 
n (X) /Ta<Dl$l£fife88£;f-l, P tMn©8&¥Xlil 40 
00, 1 50, 200, 300, 500 (tV/^ha 
-A) -e*$$;h.'5 5flgj<0#/ll& > 

®THTa/PtMn (X) /Co (30*>#*h 
n-i.) /Ta©MBJJh., P t Mn ©RJgXI* 1 
00, 150, 200, 300, 500 (t^^hD 

[00 5 1] K&aJH4Jg{cui, a^tt^t, n i 5 

Om-T-% (a t%) , Mn5 0^% (a t %) 
N i MnlitttfflU 

®T«'f.Ta/Co (3 0t^ho-A) /NiM 50 
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n (X) /T a<r>miZ.ffi!$.£tl x N i Mn0>RJ9XI2l 
00. 1 50. 200. 300. 500, Ws?* Y 

©T*'?>Ta/NiMn (X) /Co OO^y^^h 
p-A) /Ta©MglCJ&R£*U N iMn©RJ5Xlil 
00, 1 50, 200. 300, 500, (^V:/* h 

[0052] ffm&mmc&^x. R^amtmt, & 

mm*P<<nc.oV&k<»%<»*m&%*'4kZ>tz#>\^. 2 3 
orofftS-C 4 ^FlH^iaSrff o fc„ &&R£ttttj|i 
(H e X) (D»J^liJtt^!infiffllffif^V SMICi 0 ff o 
fco S^K^t L-C&ffl^itfcP tMnR&tf 

N i M n m<r>itt&tjii&l*. V^iti 2 0 0 (y Q • c 

[0 0 5 3] B]4li, P tMnB£fttfN iMnR©RI9 
<t £&H#tt:fi£# (HeX) t«^f^77-C*) 

5 0 <fc 5 PtMnIio»:^</j:5 

<!:, Sfm^*ttfia# (HeX) t*#<**Cfc3J«t>*» 
•So P tMn^C oRWT^fifeL.fc^tD* 

J>5, P tMnlK£Col&©±(;:0jtLfcS£«-it^T£ 
&m#tera#a5^*#<fto-C^5„ IfcPtMnl 
©Kl))5l OOty^hP-ASSffcott. 3 

OOOe (i^fyK) <blt&W*:#v 
[0 0 5 4] -#N iMn^cD*^-, «IB?£:*:£< UT 

(Hex) li#»lc/jN*v>ii-efc 

2 5 0 JiT-fetltf » 1! 4 IC^i- PtMnKO 

2 5 OtfiLhlcfcSi:, ^SSttUgm/f 2 fc|I&fi£ 
Zb^imMtf±CZtzif>, &i&JIil&£2 3 O^fSA 

[0 0 5 5] Sfc, @S<Ktt®3ICCo8g 
Lit**, C oWUtN i F e8S£ffiffl L*C 

fiStt^t LTP tMn^^ffl-ttvtf, 2 3 0t:SJS© 

3 0 0 O e «>&Aft:#ttttj|L&#£ i i: # plfigf*>'5 <> 
[0 0 5 6] 

[mwvim u±.mmLtz*%mz±tu^ &&&& 
m& p t m n fcii c it t mmo&'g o p d m 

fcSl^fiP t— Mn— X (X^N i , Pd, R 
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